Post-traumatic stress disorder (PTSD) develops after exposure to particularly traumatic events. Its severity depends on the nature and intensity of the stressor and susceptibility of the exposed person. The present study was carried out to find out whether PTSD and its severity, resulting from deportation to Siberia in the patients' childhood (from 1940 to 1946), have any association on the somatic health status and cardiovascular risk of these persons in advanced age.
Introduction
Since the early 1960s, Kępiński A, Kłodziński S, Ryn Z, and Szymusik A-psychiatrists from Krakow, who studied a group of former concentration camp prisoners-, described a specific syndrome of signs and symptoms and named it a 'post-concentration camp syndrome' or alternatively 'KZ syndrome'. Characteristically, the disorder has persisted many years after the stressor disappeared. 1 In the 1970s and 1980s, American clinicians taking care of veterans of wars in Vietnam and Korea found that sequelae of war experience of the former soldiers were almost identical to the ones reported earlier in the former concentration camp prisoners or Holocaust survivors. 2 Post-traumatic psychiatric disorders were diagnosed in approximately 500 000 veterans of war. Adaptation problems after returning home, problems with social functioning, and high cost of welfare fully justified the interest in this topic and became a strong impulse for continued research in this field. 3, 4 This research resulted in establishing a new clinical entity-post-traumatic stress disorder (PTSD). It was first included in the DSM-III (Diagnostic and Statistical Manual of Mental Disorder, 3rd Edition) classification in 1980, 5 it was later modified in the DSM-III-R (1987), 6 and its current diagnostic criteria, with updated definitions of the stressor and post-traumatic reaction, were included in the DSM-IV (DSM, 4th Edition). 7 Post-traumatic stress disorder is defined as a severe psychological and physical response or the result of exposure to a stressful event that the person perceives as highly traumatic. The presence of PTSD response is influenced by the intensity of the experience, its duration, and the individual involved. Many experiences may induce the conditions such as a serious accident or injury, medical complications, violent physical assaults, torture, incarceration, and warfare. The prevalence of PTSD in the general population is estimated at 1%, 8 by other authors at 3-6%. 9, 10 In populations particularly exposed to stressors, it varies widely from 30 to 80%. 3 The earlier studies, conducted before the PTSD diagnostic criteria were established, revealed that 83-85% of former concentration camp prisoners had features of the KZ syndrome. 11 The studies of a group of veterans of the Vietnam War (National Vietnam Veterans Readjustment Study) revealed that 30% of the study population fulfilled the criteria of PTSD and an additional 22% were diagnosed with a subclinical form of PTSD. 12 Studies conducted in the Chair of Psychiatry, Collegium Medicum, Jagiellonian University, in a group of 100 former political prisoners of Stalin's era, who had been subject to mental and physical torture, revealed features of PTSD in 71% of the patients as late as 40 years after the repressions. 13 In Poland, mass deportations to the remote regions of the former Soviet Union took place from February 1940 till June 1946. They affected the inhabitants of eastern regions of Poland in its pre-war boundaries, and in the post-war years their victims were former Home Army soldiers and persons opposing the communist regime. The exact number of the deportees is unknown, but the analysis of various sources of data indicate the numbers ranging from 600 thousand to 2 million persons, with only approximately 100 thousand returning to Poland, after War World II. The deportees were exposed to extremely difficult living conditions and climate (like temperatures of 2408C). They were accommodated in overcrowded wooden barracks. They were used as forced/slave labourers clearing the forest or building railway lines. They suffered starvation, cold, and numerous diseases and injuries, which were left untreated. They were subject to continuous fear, humiliation, and immediate life threats. The deported children were often left without the care of adults and witnessed deaths and other traumatic events. Many of them lost their parents and were sent to orphanages. 14 Studies on pathophysiology of stress conducted in recent decades have identified numerous differences in stress reaction in the course of PTSD compared with the so-called chronic stress, which is found, for example, in depression. 15 Physiological stress reaction is one of the basic mechanism leading to solving the problem of stressor and retaining the body integrity. When the elimination of the stressful event is delayed or prolonged stress reaction is harmful and maladaptive as it promotes pathologic processes. In persons with PTSD, an adrenergic axis is under continuous stimulation. The continuously elevated CRF levels activate locus coeruleus in the dorsal part of the pons, which plays a key role in generating central and peripheral response to stress. Studies of the adrenergic system in patients with PTSD revealed elevated plasma noradrenalin levels and increased 24 h urinary excretion of noradrenalin metabolites compared with subjects without PTSD or patients with other psychiatric disorders. 16 The studies of patients with PTSD also indicate higher prevalence of several somatic disorders in patients with PTSD compared with persons without this disorder. 17, 18 Several authors noted elevated prevalence of cardiovascular diseases and higher overall cardiovascular risk in patients with PTSD. 18 -21 So far, with the exception of some individual psychiatric reports, in the scientific medical literature there were no attempts to assess the influence of the traumatic events related to deportation to Siberia on current health status of former deportees. The aim of our study was to answer the question, whether PTSD and its severity, resulting from deportation to Siberia in the patients' childhood, has any associations on the somatic health status and cardiovascular risk of these persons in advanced age.
Methods

Study population
The study population consisted of patients followed up at the Clinic for Former Victims of Political Persecution affiliated at the Chair of Psychiatry, Collegium Medicum, Jagiellonian University. Criterion No. 1 was fulfilled by 152 persons (78%). After exclusion of persons deported to Kazakhstan and to the Ural mines, the number of remaining patients was 101 (51.7%), and when the Criterion No. 3 was applied, the group consisted of 89 persons (45.6% of the population screened). Only nine persons in this group did not fulfil the criteria of PTSD diagnosis. Finally, 80 persons (41% of the population screened) were enrolled in the study. The above criteria were adopted in order to select a relatively homogenous group with respect to age, type, and duration of stressor. The climates and living conditions of Siberian Taiga and Kazakhstan or the Ural Mountains were different, so only one of these locations was selected in order to achieve relatively homogenous impact of the stressor. Criterion No. 3 concerning duration of deportation (minimum 60 months) allowed the exclusion of persons born in Siberia, whose deportation time was shorter.
The control group was recruited from persons without traumatic history and without PTSD. They were recruited from a database of patients attending the General Practice at the University Hospital in Krakow. They were selected using computerized method applying the criterion of year of birth identical to that in the study group (from 1928 to 1941) and achieving 1:1 female to male proportion identical to the already studied group of former deportees to Siberia. From among 200 selected persons, 72 accepted the invitation. Two participants were excluded (one of them proved to be former Siberian deportee, another one withdrew the consent). Finally, 70 persons (36% of the population screened) confirmed their consent and were enrolled in the study.
Variables and measurements
All study participants have undergone the following procedures.
Cardiovascular risk and PTSD
Psychiatric examination: diagnosis of post-traumatic stress disorder
The formal psychiatric examination was performed by the psychiatrist for all participants. The diagnosis was made during a direct interview and was based (verified) using DSM-IV criteria 7 (see Supplementary materials). The presence of A1 (when the person experienced, witnessed, or was confronted with an event or events that involved actual or threatened death or injury, or a threat to the physical health of oneself or others) and A2 criteria (when the person's response involved intense fear, helplessness, or horror) is obligatory to diagnose PTSD. B, C, and D criteria include other clinical features of PTSD: the traumatic event is persistently re-experienced (B criterion), persistent avoidance of stimuli associated with the trauma and numbing of general responsiveness (C criterion), and persistent symptoms of increased arousal (D criterion). People with positive A1 and A2 diagnosis criteria of PTSD according to DSM-IV-TR were excluded from the control group (one person). Post-traumatic stress disorder severity was verified by a psychiatrist according to DSM-IV-TR criteria, 22 as mild, moderate, and severe using Global Assessment Functioning (GAF Axis V DSM). This scale considers psychological, social, and occupational functioning on a hypothetical continuum of mental health-illness. It does not include impairment in functioning due to physical (or environmental) limitations. The scale is presented and described in the DSM-IV-TR.
Clinical assessment
A detailed social, medical, and lifestyle history was taken from every patient, specifically including the following data: duration of deportation, illnesses, and injuries during deportation, current chronic diseases, and tobacco use. Fasting blood glucose, total cholesterol, LDL, HDL, and triglyceride levels were extracted from the patients' medical records. In patients who could not present such data or in whom they were taken more than 6 months before the study, blood samples were taken for analysis on the day of assessment.
Subjects with clinical evidence of coronary heart disease (CHD) at recruitment included those with: history of angina, past myocardial infarction, percutaneous transluminar coronary angioplasty, and coronary artery bypass grafting confirmed by medical records. Hypertension was defined based on current anti-hypertensive treatment.
Pulse wave velocity measurement
In every participant, carotid-femoral pulse wave velocity (PWV; reflecting compliance of aorta) was measured using a COMPLIOR device (Colson, France). The statistical analysis was based on the mean of 10 consecutive PWV velocity measurements after 10 min of rest in a supine position.
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Statistical analysis
Database management and statistical analysis were performed using SAS software, version 9.2 (SAS Institute Inc., Cary, NC, USA) licensed to Jagiellonian University. Descriptive statistics involved mean + standard deviations (SD) and percentages. Using univariate plot procedure, distribution of continuous variables was determined and verified by the Shapiro -Wilk test. Means and proportions were compared by Student's t-test and the x 2 statistic, respectively. Standard one-way ANOVA and Tukey tests in post-hoc analyses were used to compare former deportees with different PTSD severity.
Stepwise logistic regression procedure was involved to assess relative increase in PTSD to CHD in regard to potential confounding variables. Covariates included in the model were: age, sex, BMI, smoking status, office blood pressures, PWV, total and HDL cholesterol, history of hypertension, diabetes, and cerebral vascular disease. The P-value for variables to enter and stay in the model was set at 0.10, and Hosmer and Lemeshow tests were used to determine the goodness-of-fit of the model. The statistical significance level was set as two-sided P-value of 0.05.
Results
Comparative analysis of the study groups
There were no differences in the distribution of age and gender of patients in both study groups-former deportees to Siberia and the control group. In the group of former deportees, mean duration of the deportation was 70.4 months (+6.2 months). During deportation, 19 (23.8%) persons suffered major physical trauma due to accidents at work or repressions. All patients in the group of former deportees were diagnosed with PTSD.
The comparison of both groups with respect to prevalence of chronic diseases included in the history revealed that the former deportees had higher prevalence of coronary artery disease (71.3 vs. 44.3%, P , 0.001), diabetes (26.3 vs. 11.4%, P , 0.05), and hearing impairment (23.8 vs. 2.9%, P , 0.001). Hypertension, cerebral vascular disease, and gastrointestinal ulcer disease were also more prevalent in this group, but the difference did not reach statistical significance.
During the study visit, the group of former deportees to Siberia had significantly higher levels than controls of SBP (160.9 vs. 148.4 mmHg, P , 0.001), DBP (91.1 vs. 80.7 mmHg, P , 0.001), mean fasting blood glucose (6.0 vs. 5.5 mmol/L, P , 0.01), mean total cholesterol (6.6 vs. 5.6 mmol/L, P , 0.001), mean LDL (3.9 vs. 3.3 mmol/L, P , 0.01), mean HDL (1.2 vs. 1.4 mmol/L, P , 0.001), and mean triglyceride levels (2.7 vs. 1.9 mmol/L, P , 0.001). However, no significant differences of BMI in both groups were found.
The group of former deportees had significantly higher incidence of particular defined cardiovascular risk factors, including blood pressure .140/90 mmHg, fasting blood glucose .5.6 mmol/L, plasma triglyceride level .2.3 mmol/L, and plasma HDL level ,1.0 mmol/L ( Table 1) .
Distribution of selected parameters according to the severity of post-traumatic stress disorder
The former deportees to Siberia had variable PTSD severity. According to applied criteria, 23% of the former deportees had mild PTSD, 54% had moderate disease, and in 23% PTSD was classified as severe. Incidence of mild and moderate PTSD in the group of former deportees was similar in female and male patients, while the severe form of the disorder was more frequent in females (77.8 vs. 22.2%) (x 2 ¼ 7.828, P ¼ 0.02).
All variables were analysed according to severity of PTSD. Post hoc analyses indicated significant difference (F ¼ 7.4905; P ¼ 0.001) of PWV among PTSD groups, which increased along with PTSD severity ( Figure 1 ). There were no significant differences of BMI, history of chronic disease, SBP, DBP, PP, fasting blood glucose, respective lipid fractions, and smoking status in the PTSD groups. No associations between severity of PTSD and incidence of cardiovascular risk factors defined as blood pressure .140/90 mmHg, fasting blood glucose .5.6 mmol/L, plasma triglyceride level .2.3 mmol/L, and plasma HDL level ,1.0 mmol/L were found in the group of former deportees ( Table 2) .
Post-traumatic stress disorder and coronary heart disease
We perform stepwise logistic regression to assess the influence of PTSD on CHD in regard to potential confounding variables (age, prior hypertension, PWV, and PTSD). Despite the history of hypertension, PTSD was the strongest factor promoting appearance of CHD in the former deportees group (OR 3.80; 95% CI 1.62 -8.94; P ¼ 0.002; Figure 2 ).
Discussion
Our study revealed several significant differences between the study group of persons who were deported to Siberia in their childhood and developed PTSD and the control group without such a traumatic history. The former deportees had higher prevalence of coronary artery disease, diabetes and hearing impairment, and selected cardiovascular risk-factors. The severity of PTSD was associated with arterial stiffness, which increased along with PTSD severity. In stepwise logistic regression, the presence of PTSD influenced CHD more than the age and PWV.
The literature on prevalence of chronic diseases in patients with PTSD yields similar data. Data are mean + SD or number of subjects (%). P-value for trend or x 2 test. Post-hoc analyses indicated all significant comparisons (P , 0.05) of pulse waive velocity between PTSD groups, and significant difference of age between former deportees with mild and severe PTSD.
2985 patients with PTSD living in the Piedmont Region in North Carolina, USA, and found higher prevalence of hypertension, asthma, and gastrointestinal ulcer disease in the study group vs. controls. In 120 persons with a history of traumatic experience of the Balkan War, who fulfilled criteria of PTSD, the proportion of patients with coronary artery disease, hyperlipidaemia, and obesity, as well as the risk of stroke, was higher than in control group. 26 The role of stress in the pathogenesis of hypertension is confirmed by observations of the influence of particularly potent psychical stimuli on blood pressure. Elevated systolic blood pressure (SBP) and diastolic blood pressure (DBP) were found in 20 and 40%, respectively, and elevated heart rate in 79% of Italian earthquake survivors. These changes were transient and lasted 60 min, but in longer follow-up those persons had higher variability of blood pressure and no nocturnal blood pressure dip. 27 In a study of 427 persons exposed to the terrorist attack on World Trade Center (WTC) in New York on 11 September 2001, who have already been followed up for suspected or confirmed hypertension before this disaster, elevation of blood pressure from 1.7 to 3.8 mmHg was observed for two subsequent months, compared with the values 2 months before the WTC attack. 28 Moreover, a study by Ghiadoni et al. 29 revealed that psychic stress caused transient impairment of endothelial function in young persons. Other very interesting data come from the Whitehall Study of 153 persons followed up for 3 years. In the subjects, in whom the stressor applied in laboratory setting caused elevation of blood pressure and increase in interleukin 6 and fibrinogen levels, elevated blood pressure was found in 3 year follow-up. 30 The above data indicated that patients with PTSD have elevated risk of cardiovascular diseases resulting from activation of at least a few mechanisms. The issue of higher prevalence of somatic diseases in persons exposed to severe trauma has also been recognized by Polish physicians, who took care of former concentration camp prisoners. Wojtasik 31 investigated former concentration camp prisoners 24 years after the World War II and found significantly higher prevalence of cardiovascular, musculoskeletal, and gastrointestinal diseases, as well as psychiatric diseases, later described as the 'KZ syndrome', compared with the ambulatory patients, who had not been imprisoned in a concentration camp during the War. Similar results were obtained by Kempisty, 32 who analysed the health status of former Nazi children's camp prisoners, who were 34 -46 years old at the time of the study. Our results are generally similar to the data from the literature on other groups of patients with PTSD. In the USA, a 10-year follow-up of 19 442 former World War II prisoners and 9728 controls was conducted from 1991 to 2000. A subgroup of patients fulfilling criteria of PTSD was selected from the group of former prisoners. They had significantly higher prevalence of cardiovascular diseases, including hypertension and coronary artery disease, compared with the control group and with the former prisoners without PTSD. 20 Vieweg et al. 21 investigating former war veterans with PTSD revealed higher prevalence of overweight and obesity in this group compared with the general population. Our study did not confirm these results. We have also found higher proportion of persons with overweight and obesity in the group of patients with PTSD, but the difference did not reach statistical significance. A study by Koupil et al. 33 provided data on long-term consequences of the stress resulting from several years spent in the city of Leningrad (currently St Petersburg) besieged during the war from 1941 to 1944. The inhabitants trapped in the besieged city suffered extreme hunger, cold, anxiety, and constant threat of death. Persons who, at the age of 6-15, experienced severe trauma and hunger in the besieged city had higher SBP, and higher mortality due to coronary artery disease and cerebrovascular disease than age-and gender-matched controls without such exposure. The population investigated in the above study has not been diagnosed with PTSD, but the kind and intensity of trauma to which they were exposed might be comparable to the group of former deportees to Siberia, and its long-term consequences were also similar. A mechanism possibly explaining the higher cardiovascular morbidity in patients with PTSD are neurobiological changes that were described in this disease-increased adrenergic activation confirmed by elevated plasma and urinary noradrenalin levels in persons with PTSD. This is associated with deleterious effects of the excess catecholamine on the heart, blood vessels, platelets, and with abnormal functioning of chronically activated hypothalamic -pituitary-adrenal axis (hypersensitivity and upregulation of GR receptors), which in turn leads to dyslipidaemia and hyperglycaemia. This may explain higher prevalence of ischaemic heart disease and diabetes found in the former deportees to Siberia. Moreover, the altered functioning of these systems leads to activation of inflammatory processes. In patients with PTSD, due to abnormalities of the course, and particularly of the suppression of stress reaction, the above mechanisms become chronically activated and via a cascade of molecular mechanisms lead to the clinical effect of accelerated progression of atherosclerosis. 34 To gain a better understanding of how stress can lead to illness, it is useful to invoke the concept of allostatic load, first introduced in 1993 by McEwen and Stellar. 35 In their words, 'The (cumulative) strain on the body produced by repeated ups and downs of physiologic response, as well as by the elevated activity of physiologic systems under challenge and the changes in metabolism and the impact of wear and tear on a number of organs and tissues, can predispose the organism to disease. We define this state of the organism as allostatic load.' Our study attempted to answer the question whether severity of PTSD correlates with progression of specific pathologies. In the group of former deportees to Siberia, we have found an association between increasing severity of PTSD and increasing PWV, reflecting higher arterial stiffness. In the literature, we have found no other studies investigating this phenomenon. It might be speculated, however, that this correlation may be explained by the intensity of PTSD symptoms. Intensity of persistently re-experienced traumatic events and persistent symptoms of increased arousal in PTSD can lead to higher variability of blood pressure, frequent episodes of uncontrolled hypertension, and finally increasing arterial stiffness.
In conclusion, development of PTSD in persons, who 50 years earlier-in their childhood-have been deported to Siberia, is associated with elevated overall cardiovascular risk due to abnormal blood pressure levels, increased arterial stiffness, and abnormalities of glucose and lipid metabolism.
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